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INTRODUCTION

The evaluation of adequately mixed conerete has been of coricern
to those inveolved in concrete work ever sinece concrete became
a major structural element in a wide varlety of facilities. 1In
\ spite of vast technological changes in concrete plant design,
mixing equipment and in improved specifications, the engineer
cannot always safely assume that he has uniformly mixed concrete
from one end of the mixer discharge to the other. The varia-
tions that occur, probably more often than we realize, are
difficult to detect.

Mixer performance studies have proven to be valuable aids in
determlning the significant factors affecting concrete unifor-
mity. Test programs are generally quite costly to run, require
special sampling equipment, and take a considerable length of
time for analysis because of the need for strength tests. There
has been a notable deficiency in mixer performance tests because
of the inability to determine the cement content of a sample of
concrete in a short period of time under field conditions. Since
& variation in cement content is the most significant factor
affecting concrete quality, the need for its determination is of
prime importance. OQf conslderably less significance are the
more usual field measures used such as comparing slump or
penetration, the amount of coarse aggregate per cublc foot of
conctete, and unit weight., A large variation in cement content
may have a relatively small effect on the tests mentioned above.
Since other factors may also cause test variations, the conven-
tional tests provide no early indication of cement imbalance.
Thus, the development of a rapld test for determing cement
content would provide the capabllity of providing adequate Jjob
control of freshly mixed concrete by testlng for the most

critical ingredient with respect to concrete quality.
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CONCLUSIONS

Based on the iaboratory and fleld tests reported here, the
following conclusions are considered warranted.

1. fhe constant neutralization test 1s a fast and reasonably
accurate method of determining cement content. Time reguired is
1 hour after beginning test. From the limited laboraotry tests,

caccuracy appears to be within about 1/8 sack of cement per cubile

yvard,

2. A control must be established before determining cement

- content of project samples. A new contrel curve must be estab-

lished if there is any change in cement or aggregate source.

3. At present, the most applicable use of the method is to
test mixer efficlency. Test show that imbalances of any of the
concrete ingredients durling the mixer charging sequence can
affect cement distribution within the batch. The test method
can bé used to determine within batch wvarlations of cement
distribution and thus provide information to aid in correcting
the charging sequence.

4, The test was not proven to be of suffilcient accuracy for
routine control of cement content during normal concrete

produ¢tion.
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IMPLEMENTATTION

The test method developed during this research is not intended
for use in a routine manner in the production of concrete.
Personnel costs-in conducting a test program would normally be
considered high and speciallzed training is required. Sampling
may require speclal equipment and delays in production. The
uniformity of cement distribution is normally adequate.

Specifications could be written to inelude 1limits as to the
varlation in cement content as determined by the titration test.
Invocatlon of the requirements would be at the dlscretion of

the Engineer and would be triggered by any of several factors
indicative of the possible production of nonuniform concrete.
These would include, but not be limited to: (1) visual observa-
tions (2) within batch variations of slump, unit weight, or
strength (3) nonuniform batching techniques (4) use of new
batching or mixing equipment (5) indicatlons of plant malfunc-—
tion (6) historical knowledge of plant equipment.

www . fastio.com
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'LABORATORY WORK

i
In an effort to find a rapld, simple test to determine the cement
content of a sample of fresh concrete, initial efforts were
directed at the possibility of using straightforward physical
tests. These include the following:

Wash-Out Method

Thiszapproach involves washing a sample of concrete through a

100 br 200 mesh sieve, Larger sieves are incorporated to pPrevent
overloading and damage to the fine screens. The solid material
passing the fine sieve will consist essentially of 100% of the
cement plus the initial aggregate fines and any fines generated
in the mixing process. Mixing water is also "lost" in this
brocess. The total saturated surface dry weight of retained
aggregate is'subfracted from the initial weight of the conecrete
sampie, the remainder belng the total of the lost material;
cement., aggregate fines and mixing water. If it can be assumed
that?the amounts of mixing water and aggregate fines are reasonably
uniform throughout a batech of concrete, a fairly close indication
of the uniformity of cement distribution can be obtained.

The washout approach has been used with reasonable success under
certain conditions and an attempt was made to develop a rapid
washing facility. An apparatus was constructed consisting of a
large funnel in which a sample of fresh concrete was placed.
Wateﬁ*under pressure was introduced from the bottom and the
velocity and turbulence of the diluted concrete separated the
fines from coarser aggregate particles. The Ffines were carried
away'through an overflow which was run across a 100 mesh sieve.

Both “the equipment and the premise of-the testing approach had
weaknesses. The concrete samples in various portions of a

CHEBDE - Vi fastio com
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batch were found to be subJect to imbalances which affected the
indicated cement content. The test apparatus as designed was
somewhat unwieldy and required conétant attention to assure
complete segregation of the fines., It was decided that it was
unlikely that this approach could be developed to the point where
adequate accuracy could be achieved for field testing.

Heavy Media Method

An effort was made to separate cement from mortar using a heavy
liquid tetrabromoethane solution with vibration in an ultra-
sonle bath. Specific gravities of sand, tetrobromoethane and
cement are approximately 2.65, 2.95 and 3.15, respectively.

Samples of wet concrete mortar mixed with tetrabromoethane were
placed 1n polyethylene or glass centrifuge tubes. The tubes

were then placed in water in the ultrasonic bath and vibration
activated. Separation of sand and cement was unsatisfactory.
Variations of the test procedure were fried, such as centrifuging
the samples prior to placing in the ultrasonic bath, but none
improved the test to a satisfactory degree, It was concludad
that:

1. Cement 1s apparently tooc fine to be moVed by gravity
through the heavy liquid,

2. The attraction between cement and sand, when in a wet

state, 1s too great for separation by ultrasonic vibration.

Attempts to develop thils method further were abandoned.
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ant Neutralization Method

Test "Method No. Calif. 338, "Determination of Cement or Lime
Content in Treated Aggregate by the Titration Method", has been
used. successfully in California for a number of years, This
method is based on the theory that the concentration of hydroxide
1ons, liberated during the hydration process, is directly pro-
portlonal to the amount of cement in an aggregate-cement mixture.
By making a solution of the mixture, water and Phenolphthalein
1ndlcator, hydrochloric acid can be constantly added to combine
hydrogen ions with the hydroxide ions and keep the solution
neutﬁal. By measuring the amount of acid added over a standard
periQd of time, the cement content can be determined.

The test method was developed basically for the purpose of check—
ing the cement content of cement treated bases. These are lean
mixtures, normally ranging from 3 - 5% cement by weight of the
dry aggregate. Early trials with richer mixtures were disappoint-
ing because of rather large variations in the results, After
con51derable experimentation it was found that with certain
modlficatlons results could be obtained which were considered
satlsfactory. The primary change was to use only that portion

of a mix passing the No. 4 sleve. Another change was t0 increase
the amount of water added to a 150 gram sample from 400 to 1000
milliliters. The additional water makes color changes more
definite and appeared to increase the acecuracy of results. The
test method as revised for use with concrete can be found in the
appendlx.

Many of the early tests were on concrete mixed by hand in small
batches. A comparison between batches mixed by hand and those
mixed by machine (pan type) indicated more consistent results
were obtained from the machine mixes. Hand mixes were satis-
factory provided certain precautions were observed, such as:
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weighing materials accurately, stirring the mixture thoroughly,
and taking care that no mortar was lost cor left in the mixing
pan. It was also found that for hand mixing, larger batches

(20 pounds) gave better results than small batches (10 pounds).
Tests on concrete mixed with a parrel mixer initially indicated
less satisfactory results than obtained from the pan type
machine mixes., Considerable improvement resulted from "buttering"
the mixer or omitting washing of the drum between batches.
Regardless of mixing method, the most important consideration in
obtaining accurate results is the securing of a representative
sample.,

Laboratory tests were also made to determine the effect of
varying cement or water with other ingredients held constant.

In one case, three mixes were made in which aggregate weights
and slump were held constant. The designed cement content was

6 sacks per cubic yard. One batech was mixed with cement added
at that rate and in the other two, cement was variled plus and
minus 10% from the designed factor. Table 1 shows the titration
results for each mix.

TABLE 1

Batched Cement Content vs. Grams of Acid Used

Batched ' Indicated
Cement Content, Aclid Added* Cement Content
Sks./Cy. Grams Sks./Cy.
5.4 (Designed -10%) 143.7 5.29
6.0 (Designed) 163.0 6.00
6.6 (Designed +10%) 177.7 6.54

¥Average of three tests, using 150 gram mortar sample,

The results indicate an accuracy within 2% or, in this case,
about 1/8-sack/cy.
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In énother:ééries 6fltésts, aggregate and cement amounts were
held constant and water varied to produce different slumps.
Table 2 shows the results of these titration tests.

TABLE 2

Effect of Water-Cement Ratio on Titration Results

' - Slump, Acid Added,*®
W/C Ratio Inches Grams
' 0.32 1/4 o7
0.34 3/4 245
0.36 1-1/4 240
0.38 2-1/4 235
0.41 4-3/4 237
0.43 5 236
0:l5 8 229

*Avérage of "three tests using 150 gram mortar sample.

The results indicate that within the normal working range of 1
to S"inches'slump, variations due to water are not likely to be
1arge. HowéVer, any control mix for a projJect should be made
in ﬁhe slump range that is expected to be used.

In‘ﬁhe 1abofétory, 1t 1s common praectice to check yield and
cement content by the test method described in ASTM Designation:
C138. Table 3 shows results of tibration tests on concrete with
varibus cement contents as determined from the yield test.
Aggﬁégate and cement sources and slump were held constant.

ClibPDF - www fastio.com
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TABLE 3

Titration Results vs. Cement Content From Yield Test

Indicated
Cement Content Acld Added¥ Cement Content
Sks./Cu. Yd. Grams. Sks./Cu, Yd,b #%
Design Yield Test

5.0 ' 5.20 185.7 5.20

5.10 176.7 4.95

5.07 179.7 5.03
5.5 5.58 198.3 5.55

5-“6 196.3 5'50

5.53 . 195.0 5.546
6.0 5.99 - 210.3 5.89

6.04 . 219.7 6.15

6.18 214.0 | 5.99

*¥Average of three tests.
*¥From first yield test - 185,7 grams = 5.20 sks.

These results also confirm that a good correlation exists between
the amount of acid used for constant neutrallization and the cement
-content -of fresh concrete,

The test method was tried in the_field on a few projects durilng
concrete placements. The results indicated considerable variation
in cement content between batches, but were inconclusive since
results were not verified by other means. However, in 1971 an
opportunity arose to make comprehensive testing possible in the
field, some of which were under controlled conditions. The

work is reported under the. following section on implementation.
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FIELD IMPLEMENTATION

In 19?1, a new conerete batching plant with twin 15-cubic yard
mixers was used on a 1l7-mile paving project near Williams,
California. At various locations serious defects were noted on
the new pavemeht. Excessive cracking was evident and consider-
able raveling occurred when sawing weakened plane joints.
Pavemént cores taken in these areas showed the concrete to be
deficient in cement. Wide variations in cement content were
obvious within the confines of a single core in many cases.

The problem was found to be related solely to nonuniform dis-~
tribution of cement within a single batch of concrete.

When the source of the problem was determined, the contractor

was ngtified that certain plant modificatlions were necessarry

to assure proper batching. The contractor, in cooperation with
the piant manufacturer, made these changes and on a subsequent
paviné broject near Saugus, Oalifofnia, a special testing program
was conducted to evaluate the mixing characteristics of the plant.
The titratlon test proved to be a valuable tool in the test
program that was conducted.

In the particular plant layout in question, the cement and water
batching facilitles are in a tower above the mixers. Cement

is stored in an overhead silo, weighed, and then discharged
directly into the mixing drum separately from the aggregate.
Water is weighed and placed in an intermediate holding tank from
which it is charged into the mixers. The aggregate is batched
in a low profile portable weigh batcher, then a belt elevates

it to the mouth of the mixing drums. Charging of the mixer is
carriéd out in a pretimed sequence in order to blend aggregate,
cement, and water. About 7 seconds is required for the aggregate
to travel from the belt below the weigh batcher to the mixer

10
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drums. At time zero, (arbitrary) the first aggregate gate opened,
starting the sand feed. In sequence, the other two aggregate

bin gates opened, layering these aggregates onto the sand. Cement
and water are gravity fed from overhead directly into the mixer

in timed sequence. The normal time of the operation in seconds

is as follows:

Time to Time Total Time for
Empty Gate on A1l Material to
Hopper Delay Belt be in Drum

Sand 27 0 7 34

#2 Appregate 25 1 7 33

#3 Aggregate 24 2 7 33

Cement 21 9 0 30

Water (Not timed)

N
r

The gate on the cement hopper is activated by a step switech

that opens it at a predetermined moment. Wnen operating 1n the
proper manner the step switch gate arrangement controls the rate
of cement dlscharge 80 that it more or less corresponds in Proper
proportion to the time taken for the aggregate to be charged. At
Williams there was some evidence that the cement hopper eilther
opeéned early, before the aggregate reached the mixing drums, or
it did not "step" properly, opening all the way, or nearly so,
thereby putting most of the cement in as a slug which was not
subsequently distributed inside the mixer. Corrective modifica-
tions made to the plant included installation of a visual and
audible warning system which would indilcate whether or not

the cement was discharged at a controlled rate from the time
discharge gate opened until no more than about 200 pounds of
cement remained in the hopper. Criteria suggested for the

rate of cement feed for normal operation was as follows:

11
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Percent of Aggregate Percent of Cement

Charging Cycle Time to be in Mixep
25 15-35
.50 40-60
75 | 65-85

110 100

In order to evaluate mixing characteristics, two series of tests
were'performed. Test Series One was conducted on December 21,
1971, and January 5 and 6, 1972, at Saugus. The purpose of the
test:program was to determine the effects of controlled imbglance
of cement on the uniformity of concrete as well as to evaluate
normél production., A tabulation of test data is shown on

Tables 4 and 5.

Samples of concrete were obtained by stopping the mixer and
physically entering it with sample containers and shovels. The
"froﬂf" of the drum is that portion from‘where the concrete

is discharged,.

Detaiis of plént operatioh and comments on batching procedures
and test results for Test Series I follows:

February 215'1971

BatchﬁNo. 1

North'mixer intended to be normal operation. Step swiltch on the
cemeﬁt gate set to provide a charging period of 26 seconds,
comméncing 1-1/2 seconds after opening of first aggregate gate.
The water valve was found to be set incorrectly, allowing a
highér concentration of water near the rear of the mixer at the
end df 50 seconds mixing. The wide dispersion of test results
was sbmewhat:alleviated by mixing an additional 20 seconds.
(Batch 1la)

12
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Baﬁch No. 2 .
Intended to check North mixer under normal operation. Even

though a slow delivery of the No. 2 rock was observed, test
results indicate adequately mixed concrete., A4dditional 20
seconds of mixing had little effect on uniformity. (Batch 2a)

Batch No. 3

To check South mixer under normal operation. Adequate mixing.
apparent. Additional 20 seconds of mixing had little effect on
uniformity. (Batch 3a)

Batch No. 4

To check normal operation of North mixer. Mixing adequate.

January 5 and 6, 1971

Bateh No. §
To check normal operation of South mixer. Cement feed found
to require total of 37 seconds which may account for higher

strength of concrete from rear of drum. Titration test did
not differentiate cement concentration. Water and mortar
spilled from front of mixer during mixing cycle.

Batch No. 6 ~ North Mixer

Cement concentrated near front of mixer as indicated by all test
parameters. Additional mixing of 70 seconds did not provide
concrete of satisfactory uniformity. (Batch 6a)

Batch No. 7 - South Mizxer
Similar results as in Batch No., 6.

Batech No. 8 - South Mixer

Cement charged in first part of bateh, 300 seconds provided
adequate mixing. '

13
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Bateh No. 9'—“North Mixer
Similar to Batch No. 8.

BatcH:No. 10 - South Mixer

Siow Teed of water (62 seconds) caused wide variation of test

results betweén front and rear of mixer.

Bateh No. 11 - South Mixer
Slowgfeed of water (62 seconds) again observed, Titration test

indicates disparity in cement distribution, other tests indicate
adequate uniformity. A sample can 1lid was found in the feed
valve to the south mixer slowlng flow of water.

=

Batch No. 12 = North Mixer

Normdl operation and adequate uniformity.

Batch No, 13 = South Mixer
Normal operaﬁion. Grout lost from front of mixer may have
affected test results.

Bateh No. 14 - North Mixer

Shortened cement feed and adequate mixing.

BatcﬂlNo. 15 - South Mixer

Shortened cement feed (21 seconds) and adequate mixing.

Batches Nos, 16 through 29
A1l batches sampled during production under normal operatlon.

Adquate mixing in all batches except Batch No. 22.

Production Testing, February and March 1976

TestiSeries 2 was conducted during actual paving operation and
tests were performed by Jjob personnel, Results are shown in
Table 6 and indicate that adequately mixed conerete was produced.

14

www . fastio (;O m


http://www.fastio.com/

SoqNd ,2¥,7 £ JO 21BIOAY4y

89897 g JO 9o3BJISAVa

15

S6TE 0gee 02GE 61 L' L. 6°T6T 6°'t  g/T-t 8/9-T 0l JBIY
069¢€ q94z 0016 G*g 6°GL 9°€GT  0°E g/l=2 B/G-T + 3TPPIN
00S 0GSE 0T.9 £°9 T°0/ G'GGT G2  8/S-1 H/E  YJJION 0% juodg B9
0182 066 T 0062 6 4 £°88 9°¢sT  9°'¢€ #/€-2 w/1-1 Jeay
046 ~ G922 0.0 £+¢ 0l £*€91T  0't #/€-2 Hw/1-1 . 2TPPTH
S8iS QO6E 029 T/ 8°0/ L°GGT  p*?g I R/G _UjJIoN 06 JUOIH 9
G9fy 09le . 006G 8¢ 0702 °2ST L€ /=2 T EEE;
GGTh agqe 0T8Y 8°q 20l 9"I4T g8t f/E=2 T STPPTH
0RLE = GTIfe 0T6H 69 'l 2'IGT  T'h £ “T__ysanog 0§ JUOI] g
G0zt ~  GEne 2T 9°g 8 1l H'RST 2 8/%-¢ h/TI-T AB9Y
G601 q9qe 0G0t LG 0°¢l g£GqT e¢*t  g/l-z g/1-1 STPP TN
002f. 0IGe 0,04 LG Gzl B'EST  G°F  #/T~2 R/T-T U3JON JUO0Ig i
8% . 0G0E 065Y h°89 2'9qT B8°'T  2/T-T 8/S 0z 189y
0Tl 0982 S04 9°64T g°T g/i-1 8/1. + STPPTH
GEGYH 0G6.¢2 6L 15 50l B°GGT _ #°'T  y/T-¢ T___yjgnog 0§ JUQI - BE
0ELY 0862 0T6h X4 8°49 2'64T T2 . 8/E-T 8/t BEE
G164 gage 650G G2l 6°GGT 8°1 T /T STPPIN
QLGH 0R5¢ 5901 G 20l 0°GST LT #/T-2 /G Uyinog 0g quodg £
G9Th . S92 - GT8E 6°G T°GL 9'%ST  ®'E /T2 T 0¢ I8y
GOotifr- . 0092 "€l 0'#8T 9°E  8/L-T H/T-1 C# 9TPPTH
06T1h - GGpe 0 GE LS 1°0. G'2GT  6°E Q/6-€ 2/I~T1_ Uyadoy 0§ quody B2
0SHf . . G692 02ZTh 0.'9 D€L G'HGT Kw'E  g/T1-¢ h/€ Jesy
0Tt 0192 g ¢l g'€GT L°E  g/i-T /€ . STPPTH
OhEh 0gse 0EQE 9°G 1L G°28T /'t #/1I-2 T Y3JoN 0S JuOIg z2
q2hE . 062z . 00hE £ 2'cl G*HST LT w/E-t 2/1-1 IBBY
GhGh 0Gge 0°2l 9°'GGT T2  8/S-T 8/l 0¢ 3TPPTH
GECY GTIE Shoy 2'9 6.9 S 6°64T _2'2  H/E-T T  UY3ION _ + 06 juoaq - BT
G6GE G181 G90¢€ 2°g 6°8l R'GET  ®°T  #/T-t e/TI~T IB3Y
G6GH Gele . 0'#9 0°949T <2'2 #/E-1 T OTPPTN
Gebh 06H#E 0£8S T°9 0°89 £4G6T L°2 h/€ /T U3IION 0§ pib(eh ;) T
SABD Qg SAEBD [ y,U3duaaing #(UOT3 dD/°8qT dD/'sqT [ *gug *suT JSXTR *S989 UOT4BO0T §
IBJJION -BIAILE) - 433y *3M 4TUn aTy fduntg  ‘rtusg fouwl  Jequny yogeq
#SASPUTTAD Lep~)  RD/SMS  @sdvO) SUTXTR
usquU0)
18d ‘yjzlusagg saTsssadwo) UMWY

JONVIVEINI ONIWHD aATIOHLNOD.
AUVIWAS ViV LSHL SODAVS
I SHIYHES LSHL
tr dIHVL

www . fastio.com

ClibhPDF -


http://www.fastio.com/

Ggle GRlT T*G 6°9. L*08T  0°f  2/1-G Z BEER
Gn9€ Gh6T "G 6. g°6GT  0°'¢ w/E-n Q/1I-2 STPPTH
021y 0012 9°g £E°T.L G'6yT 2'€  Z/T-h 2/T-g u3nog 05 juoad Gt
08¢ G661 0*'9g T4 §*'2sT 6°¢ 9 K/E-T JB8Yy
G0y GB6T 6°6 T°94 G°EQT  6°¢ G 2 STPP TN
62 AN 0°9 6°69 ST __#'E  w/€-f Q/E=-z U3JON 05 quodd  #T
Ot it G 82 29 '€l £'€9T  0°¢ € 8/1-T Jaedy
0641 0252 2*9 tohl E'EST  0°¢E ®/T-€ §/I-T STPPTH
096§ 0Z2z2 9*g g6/ °€ST k'€ #/T-% 8/6-1 uanog 08 juodd €T
Sheh .. 0l92 ) 9°¢lL G yeT  6°'2  #/E-T T aIesy
$09% 0692 2°9 0°9. 0°GST  6°2 8/L-1 T STPPTIH
08Eh 09£2 1°9 1°€) G°EST _2°¢ 9/6-€ 2/T~T U3JION 05 juoad 27
GE6E 0TEe G*9q t Gl 0°24T g°c h/T-q 8/5-1 dB3Y
086€ 6922 B*G 9*1. L*28T  2°€  w/E-€ 2/1I-T 2TPPTI
09.E 0oee 0°¢g gl 0°44T  G6°¢  #/TI-2  Q/T~-T . Ujnog 05 juodq  TT
GLlIz 0811 6°h Gzl R*6HT G*2  4/€-8 B8/G-2 aIeaYy
ST.LE 0612 T°9 0°El £egart 6°¢ /T4 8/L 9TPPTI
GT6E 082 T4 F*Gh Q65T L'z  2/1-¢ g/l dinog 04 juodd 0T
082H 0562 876G ) L°04T L% w/€-€ g/6-1 Jdeay
Geey 6662 6°G 0l £€°09T 0°S% /T~ H/E-T STPPTH
A 0e9z .2°9 gzl 0°06T T°S 2/T-ff #/T—g UIION  00f qUOI 6
02Th G6ET 6°S ) 8'0ST £°'S R/T-9 8/L-T IBSY
G50H 0gthe 6°G ol G*09T L% 2/T~% fq/€~T "OTPPIN
GEGE Q2 6°6 2 zl 6wl _G°G  e/T-f g/T~g _Ulnog  Qof UL 8
GTEY G192 00EH £°'G G'Tl 6'24T L€ w/E-E - g/1-2 0l agey
091tk GGle 0TER 9°G 9°2l 28T K°€ h 8/1-2 + STPPTH
G191 GEQE 02y LS ) 2°€ST _ 9°'t #/T-f£ {/E-T Ugnog 05 quogy "~ ql
. Gele STHI 09#e Ly T1°Gg Z2°HGT K e +6 -+ . Igsy -
“ 092k 0652 0562 h*9 8°89 6°25T 0°E  #/€-% 8/L-T STOPTI
Gt s662 0lgt 6°9 0l R°GST . g°e 2 §/g uanog 04 juodgd  ®)
shep gz s&ep [ yadusdig (UoTqd J0/'SqT dD/°SAT 4 *SUY  'sur  JeXTl ‘sosg UCT3BO0T %
.. ABIJON | ~BaQTL) ... . °d33Y ‘3M 4TUN . JITY L SdunTg.. ftueg . SOWTLL . Iequmy yogeq.:
“SIBPUTTAD - Aep-) T Xxo/sAS  Ssaro) c SUTXTH
_ JUS4UOY
Tsd ‘ygluaagg sarssaaduo) quswan-
FREECE (PeNUTRUO)D) ZUYHNAS VIVQ.LSHL SADAVS - & FTAVD

14

ChihPDF - www.fastio.com


http://www.fastio.com/

saqno ,g¥x,¢ £ mo mmmpu><*w
£1889 7 JO 93BJISAYN

G994t GT0zC £°g £ eG4t 8 h/T=1 8/6 a8y
09t¢ 066T £°g T'EGT £°6G 8/6-1 /€ STPPIN
06.LE Gege 5'9 G'HGT 06 y/E-2¢ #/T~T UIJION 06 ~  auodd 62
6Q9¢t GR0%2 - 8°g £°£9T £°G /T2 H/1-T JB3Y
g19¢ 0602 LG T°g6T 2°§ 2/T-2 H/7E-T STPDTH
069E 060¢2 6°6 0°#49T G°*9 n/E-¢ Z__ugnog 0§ Juodd  8g
02.LE oOnTe 0°'9 T'€ST  8°'®  w/T-2 #/T-1 aesy
Geget 0602 29 T°H4T  1°G g/T-2 #/1-T STPPTEN
Gagf Ghee £°'9 Q48T __ 2°'% 7/E-T  U3JION 0& juodg _Jg
GowE . 0BST ... . ... h'G g*0qT - £°'S  w/E-& w/E-¢C JBIY
OfrKE 0491 £°G €291 g'g 8 £ STPP TN
G67E 024T g g 26T 0°9 8 £ uyanog 06 juodd  gg
0TS .. §Ife 9°G 6°LGT 02 2/T-t §/T-1 . IBaY
GEEY pgee 8°q g*o9¢t 9°T  2/1-¢ e/1-T STPPIKH
GLEH Chee 0°9 £°GGT 9°T  2/T-h w/E-T U3ION 04 quodd G2
otz G96T 61 6'261 . L't .. 2/T-1 7/¢ JIB3Y
GLTH 0L6T £°G 6'26T 8¢ Hw/1-2 T STPPTH
GGeh GeQe LS 0°GGT _ R°'2 £ 2/I-1 yjnog 05 quodd €2
062¢ oRlT ... .. Gh 6°TGT <2°'9 #/E-1 /€ JBY
0G0% 0002 0°G 9*'24T 8°f 2 /€ : 3TPPTH
02gE 0512 'S 6'TST 0°S w/E-2  §/T-T U3I0N 06 juodd  g2e
GEBRE 0T6T - GREe T°G G°T6T §°'S  z/i-¢ . /¢t JdB3aY
Siqedq 0661 0£Ge e 2°24T 9°'G {/T1-2 T STPPTH
GLIf 08RT 09fe L'S L'26T  0°'G  2/T-t 4/T-T uanog 0§ juodg  T¢
0904 . .. 0ETe 0The g°S L*EGT  0'f - 2/1=2 T JIB3Y
068€ Q86T - 0662 6°G 0"HGT 0°f% £ Hw/T-T STPPTH
0IZh 00Le Gegpe "9 £*€C6T £°%  2/T~f 2/T-T YidoN 0§ juodd Qg
069€ GAGT 0022 8°g G'0ST . T°f L e/TI-€ Jdeay
009¢€ GELT Ggte 9°q G*TST 9'% e/T-L ¢e/T-¢t STPPTH
0e8E 0I8T 082 0'9 T*TGT 0% H/E=9 ¢g/T-f Ugnog 04 juodd 6T
G9g8¢ . 068T 00qe 0°9 G*TGT 2°¢ y/€=L #/1-2¢ -deay
0RGE 028T 0THe 0'9 h'gqrt - E£°E h/€-9 8/G-¢ STPPTIH
0L9€ GLLT 02he 2’9 6°0GT _ 0°€ h/T-8 8/h-2 U3JOoN 05 quoIg 9T
096¢E Ge8T 09ge 6°G T'CAT  9°¢2 2/T=E (/-1 Jesy
0ELE 0T6T 0842 0°9 £°H7GT g§°¢ f 2 8TPPTH
onge 028T 01l2 I°9 T'EST 0°E 1/E-n Q/E=~2 yjnog L Juolg 971
skep gz SAep L #xU3susadag #(U0Tq dD/°SAT 4D/°SAT % *sur *SUT  J9XTI '€08g UOT4BOOT 3
IBGJ0N ~BJIITL) *a283y *9M aTun JTy fduntTg  frusg fouty, Joqumy uoleg
#SJIOPUTTAD fep=-)  XD/S3S  9848BOD . SUTXTH
4UsU0D
78d fys3usagg SATSSadU0) jusue)

ENANZD 40 DNIDVLS TYWHON
AHVHWHAS VIV LSHL SADNVS
I SUIYHHAS LSHL

G F19VL

17

www fastio.com

ClibhPDF -


http://www.fastio.com/

ganTeA 1833 wﬂwcﬂm**w gage1 2 JO mmmmm><**

TOIJUOD %
a0 f 2'9 )
T0f T°9 £ ¢c-¢__ ¥9T
OnQt 0g6%¢e 0°9 %0
TS T4 0Q LE 05g¢e 0°9 £ 2e—2 x¥ST
0T 6t 0t9c T°9 0
0TS 0TS 096E 0TGe "9 £ Tg-¢  WiT
0L0% Ofhe T'9 0
0es 651 09TH oofe 1°9 £ Te-¢__ WtT
00hE 086T Q"G 2D
TGS toe 028¢ 0212 66 £ Tc—~¢  %¥ZT
0.9% 010t 0
7195 G0&G 08 L% 069¢ L°G  uanog Z 9T-2 VIT
0LZh 088¢c )
009 Qeh 09GH 08te 0°9  yanog Z 9f-2 _ ¥O0T
062S 010t 0
_§ls 018 ocle 6°G  UaJoy Z Q1-2 76
009% 04TL d
09§ 616 0811 00 6'G  U3JaoN 2 QT-¢ Y8
Ofltr 0ETE i
IG69 08.L% 0IEE G*G  Uyzaoy Z L1-2 V.
0¢&s 08TE g
1865 07SG 0G1E 6°G  yanog 2 LI~2 V9
0L of . 0cle g'G d
195 0%k _ 09.L2 66 - c 9T1-¢ vS
Ot Lk 0692 0*9 ¢
065 0&EH 0gRS&e 0°9 Z 9T-¢ i
: S ~009% 0062 6°G . 1=t
299 14§ 0564 020£ f8° G 2 9T-¢ VE
0881 006¢ 6°G g
oLy 0692 0" 9 4 SI-¢ e
0941 0zle 2°'9 _ d
Qecbl. ..o . . 0292 .09 Z ST=2 .. VT
Re GT BT O 6 8 L ABDP-gc Aep-g Aep=)  4g(UoT3 UgGnNOg J9qUNY *ON
sheq **Hmm fyadusagg earssogdwo) -BJIITEL) JI0 goanog  foaBd 188
zxs PS4 ‘UzBuedlg TRINXSTH : £D/8Ag  UFION _
B S T VRE PRI e AU QU0 o WL - i,
JUusuma)

ONIISEI NOILOAQOYd
IT SATHES ISHL
9 =AY

18

ClHiHPDF - www fastio.com


http://www.fastio.com/

066¢ 0'9 )
0Lhe 0'¢g £ 2-£ VIE
0ghe 6°S D
ohfie [ 3 2-£ ¥0&
0162 0'9 0
Q94 0962 0°9 £ £ ¥62
Otfre 6°G 0
9yG 0692 6°G £ -£ yg8e
0LELL 0'9 0
1SS 09EE 0°9 £ 6e=2 ¥.2
_ 0g6e 6'G 0
0£S 0662 6°6G € 62-2 ¥9¢
0£Ge 6°G )
.2& 0T0E 6°¢ £ 9e-¢ y52
0292 6°G 0
or G 029¢ 0°9 £ Q¢-¢ __¥ie
0842 6°G 0
TG9 0.9¢ 6°6G £ gg-¢  §te
OhgtT 6*5 0
1656 0122 6°6G £ Ge-¢ y2e
Ote c*'9 0
£ES 0£ge 0°9- £ Ge=-2 _ ¥ic
Oh8T 0'9 0
095 0.02 6* G £ ge-2 _ yoe
0cth 006¢ 1°9
906§ 061t . 0562 0°9 £ fg=c  ¥eéT1
0094 0tg8¢e T°9 0
gLy 091G 0T0E T°9 £ ge-¢ ¥eT
Qg ST #T 0T 6 .8 L Aep-9¢ .Aep-g Kep-1 (U0T3 Uinog Jsquny *ON
s Ked 18d ‘yaBusaag sATSSoaduO)  —BJIATI) J0 aoancg  ‘eaed 388l

T8d ‘yaluadag TBIANXSTA

£3/8¥S  U3daON
AUS4U0)  uma(
1UBUWSY

¢ =238®vg

(penutjuo)) II SHIYHES LSHL ‘ONIISHI NOILONAO¥d =~ 9 IV

19

www . fastio.com

ClibhPDF -


http://www.fastio.com/

' DISCUSSION

In Test Serles I, three sets of strength data were obtained
because of the desirability of relating the effect of cement
imbalance on strength. Variations in other properties, as
determlned by any of the tests on the plastlc concrefte may
also have a significant effect on strength The effects of
the measured varlatlons may be cumulative or offsetting from
_batch to batch making any statistical analysis relating cement
content and strength invalid. To further complicate matters
the source of coarse aggregate was changed several times with
SO dlfferent combinations of the two primary sizes being used,

A plot of the cement content variation wilithin a batch of conerete
as determlned by the titration test, and the associated differen-
tial in strength is shown 1n Figure I. It is seen that in spite
of the varlables affecting strength as mentioned above, a
reasonably good relatlonship exlsts.

It has been well established that to obtain uniformly mixed
concrete from' central-mix plants, operating on short mixing time
(50 seconds) proportionate blending of ingredients as they are
charged inté the mixer is essential, Under ideal bateching
condltions, acceptably uniform concrete can be obbtained with

as 11tt1e as 30 seconds of mixing. With gross imbalances of

any of the ingredients in the charging sequence, it is virtually
imp0551ble to correct the conditlon by any reasonable amount of
extra: ml}clng;.‘i The effects on concrete quality are most extreme
when cement or water receive the charging imbalance.

Criteria‘for ﬂixing efficlency as defined in the California
Standard Spectfications are:

20
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'“%Ee différéhée in penetration, determined by comparing
penetration tests on two samples of mixed concrete from
tﬁe same batch or truck mixer load, shall not exceed
1/2-inch. | Variation in the proportion of coarse aggre-
gétes wili'be determined from the results of tests for
2’ samples ‘of mixed coneretd from the same truck mixer
load and the difference between the 2 results shall not
e#ceed 6 pounds per cubic foot.™"

Other ﬁarametefs can be used for concrete uniformity although
no genérally accepted limits have been established. An AASHTO-
ABBA qunt Com@ittee recommends the following:

-

Permissible Range Within Batch
from 3 Samples (Not to be exceeded
in 6 of 7 batches)

© Test | Plant Roadway
Slump,%Inches ;; ' 2.25 1.75
Air Cohtent, g 2.0 1.5
Weiint per Cu. Ft. 1.0 5.5

Coarse Aggregate
per Cu, Ft., % ‘ 11.0 ' 9.0

28-day Compressive Str.
% (Avg. of 2 cyls. per
. Sample, as % of '3 sample

average) K 25 20

One reason distribution’of cement has not been used as a measure
of mixing efficlency is the lack of a suitable test method to
determine the cement content of fresh concrete. Results cited
above indicateslthat the titration test can fill this need. In
faet, it appears that a‘good measure of cement distribution may
be'the%most impoftént parameter’in evaluating mixer efficiency,
and a Better indicator of mix uniformlty than the measures
commoniy used. (ite.: welght per cubic foot, welight of coarse
aggregéte per cubic foot, slump or penetration, unlt weight of
air free mortar.)

C22
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SUMMARY

The titration test, using the constant neutralization method
and under controlled conditions, is considered adequate to
determine cement content of fresh concrete to within 1/l-sack
per cubic yard. Fileld trials indicate the test is especially
valuable in determining mixer efficiency. By checking different
portions of a batch, aggregate and cement feed gates can be set
and cycle times adjusted to provide proper mixing: BEven after
spch adjustments, the results indicated between-and within-
batch variations although these were not always verified by
strength tests.

The cement content can be determined by the titration test in
less than 2 hours after concrete 1s mixed, The test regulres

1 hour after preparation of speclmens. For control and routine
fleld testing, three tltratlion specimens are prepared and

tested from each concrete sample. For mixer performance testing,
only 2 specimens are prepared for each sample but since 3 locations
in the mlxer are sampled, there are 6 specimens to titrate at

one time. This can readily be handled by one operator after
brief practice. An experienced operator has been observed

doing titrations on 9 containers at one time, but thls is not
recommended.

23
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APPENDIX A

DETERMINATION OF CEMENT CONTENT OF FRESH CONCRETE BY
CONSTANT NEUTRALIZATION

SCOPE

This method describes a test for determining the cement content

of fresh concrete. The determinations are based upon the constant
neutralization by three normal hydrochloric acid of an aqueous
solution of concrete mortar and water. This is accomplished by
adding sufficient acid to just neutralize the hydroxide ions in
the cement. When the aggregate is "neutral" or nonreactive, the
amount of acid used is directly proportional to the cement content
of the fresh concrete sample.

This method is divided into the following parts:
I. Titration Procedure
II. Determination of Calibration Cufve
I1T. Relative Variation of Cement Content Within a Batch

Part I. Titration Procedure

PROCEDURE
4. Apparatus
1. 1 - 100 ml titrating burette or other device permitting

slow, easily contreolled addition of acid.

2. 1l - burette stand and burette clamp.


http://www.fastio.com/
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T S—gailoﬁ plastic "carboy" (to contain the 3N
acld solution) equipped with siphon, neoprene or tygon tubing,
hose clamps,-etc., for connection to the titrating burette.
oy, 9 iz 2-quart wide mouth polyethylene containers with
handles and flat bottoms.
: 5. Graduateduéye dropper or 10 ml graduated cylinder.
“6. 6:§tainlesS steel stirring rods,

s NQ; I sieve, 12-inch diameter,

‘8. Baﬁance or scale with 5 kg capacity, graduated to

'f9. Glass or polyethylene bottle for buretteloverflow.
710. 1 - 1000 ml graduated cylinder.

11, 6 = 250 ml Erlenmeyer flasks or polypropylene, three-
way pour, disposable beakers.

S 12, Tiﬁer, graduated in 1 second intervals for a total
~of 1'hour. -

‘Reagents:

i1 Hygfochioric Acid (approximately 3N). Pour the contents
of two full standard 6-1b bottles of concentrated hydrochloric
acid -C.P. into the 5-gallon polyethelene carboy. Add tap water
in 1?gallon ihcrements until 5 gallons of solution is obtained.

After each'addition of water, shake the carboy vigorously for

abouf one minute to obtain a homogeneous mixture. It is important

to a%itate tﬁis solution before starting each test series to maintain
the homogeneous mixture.
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Note: When mixing the acid solutlon, always wear chemical
protective gloves, goggles, and aprons. DO NOT use compressed
alr to agitate the solution in the carboy. DO NOT breathe acid
fumes. |
@

2.  Phenolphthalein Indication Solution (1% solution).
Dissolve 5 grams of phenolphthalein powder USP in 250 mls of
ethanol. Dilute with 250 mls of distilled water.

C. Test Record Form

Record test data on "Field Laboratory Record of Constant Neutralization
Tests"™, Form No, HMR T-597.

D. Test Procedure

1. Secure approximately 5 kg of a representative sample.

of fresh conerete and screen over a No. ! sieve into a clean pan.

The screen and pan should be dampened but excess water must be s
removed before secreening. Screen as much of the mortar from

‘the coarse aggregate as posslble. Place the mortar in a covered

container immediately after the screening operation. The screened

mortar must remain covered and set no longer than 30 minutes before
the addltlon of the 1000 mls of tap water. Testing should begin

45 minutes +15 minutes after mixing.

2. Prepare test specimens by welghing 150 gms + 1 gm of
the screened mortar into the 2-quart containers. Mix the screened
mortar sample thoroughly before each sampling. Three specimens
are required for each control and field sample and two specimens
for each mixer perfbrmance test sample,.

3. Add 1000 mls of tap water to each specimen and start
timer.

www . fastio.com
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b, Using the graduated eye- dropper or 10 ml graduated
cylinder, add approximately 4 mls of phenolphthalein solution to

each contalner. ' Stir for 5-10 seconds. (The solution will turn
red due to the présence of cement.)

5. Place one stainless steel rod in each container, weigh,
andxrecord the weight of each container and its contents to the
nearest 1.0 gm.

Fill each of the'Erlenmeyer flasks with 60 mls of the |,
3N Lydrochlorlc ac1d for initial acid. (The number of prepared i
flasks needs to equal the number of test specimens.) Acid may
be measured out beforehand, but contaihers should be covered

and not he allowed to set for more than one hour.

%; Ten minutes after the addition of water to the mortar,
add 60 mls of acld to each 2-quart contalner of mortar solution
andrstlr for 15 seconds.

8. At l-minute intervals, following the addition of the
60 mls of acid, add approximately 5 mls of acld from the
tltratlng burette and stlr for 5 seconds Follow this proce-
dure for each ‘Of the containers 1n turn. Repeat this procedure
until the color comes back slowly between additions. At this
pointithe amount of acld being added at the l~minute intervals
shomld‘be reduced as necessary to just eliminate the color,
(Excess acld may attack the aggregates in the later phases of
~the test, when the hydration produets from the cement remaining
in thefmixture'are low, resulting in an erroneous cement
deterﬁination{) It 1s lmportant that the operator exercise great
care in maintaining an equally neutral solution in all specimens
of a sample by diligently adding the acld necessary at the 1-
minute intervals and stirring for 5 seconds.
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9. After the 60 minutes havé elapsed, reweigh, and record
the weight for each container. From the difference between the
initial and final gross weights, calculate and record the total

. ‘ welght of hydrochloric acid used to neutralize each of the three
solutions (see Figure A).

10. The resulting weights of hydrochloric acid can be used
to find an "average" cement content of the field test sample with
the use of a calibration curve (see Part 1I), or to determine the
variation in cement content for evaluation of mixer efficiency
(Part III).

E. Frecautions

L. Use extreme caution when handling acid and use protective
clothing and equipment. Do not breathe acid fumes.

2. This test cannct be performed by persons who are color
blind. '

3. Keep all reagent bottles closed when not in use to

prevent evaporation and changes in concentration.
y, Rinse and drain sample containers after every test.

5. The 2Z-quart containers should be inspected periodically
for leaks.

A-5
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" PART TT., DETERMINATION OF CALIBRATION CURVE

. PROCEDURE

A. ‘:ﬁpparatua

i. Concrete Mixer. A revolv1ng pan or revolving paddle
mixer’ capable of thoroughly mixing batches of the prescribed

"slze at the required slump.

é. Unit Weight Measure. A cylindrical watertight steel
measure having a nominal capacity of 1/2 cubic foot, provided
with handles ' (See Test Method No. Calif. 518.)

é. Penetratlon or Slump Measure. (See Test Method No.
Callf 533 or ASTM Designhation ©143,)

Q. US No. 4 sieve, brass, full height, 12 inches in
diame%er, for sieving fresh concrete. A rigid type extension
and handles may be attached to facilitate handling and pre-
vent épillage.

B, a$est Procedure

1. Central mix plant method -~ optionai.

a. Prior arrangements with the contractor will be
needed for mixing a bateh 300 seconds, and it will be necessary

to haﬁe an inspector to accurately record the scale weights for

the 360-—-sec ond’ bateh.
D. After the batch has mlxed 300 seconds and dis-

charged into a truck, take penetration measurements and secure
samples at approximately one-third the distance from each end

A-6
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. of the truck keeping the two samples separate. The size of
each sample should be sufficient to £fill a 1/2-cubic foot
unit weight bucket.

Note: If the penetrations are not within contract specifications,
the batch should not be tested.

C. After the completion of the unit weight tests on
the two samples, proceed as described in Part I, D, of this test
method. Precaution: Be sure samples are properly identified.

d. Using the scale welghts and an average of the two
unit weights, compute the cement content for the bateh in
accordance with Test Method No, Callf. 518,

Note: Contrel batch should be mixed midway through the work day
if only one control batch is mixed.

2., Laboratory Mix Method - Referee

a. Secure a sufficlent quantity of sand, aggregate,
cement, and admixture for three batches of at least 1.0 cubic
foot eéch, and batch in the proportions of the mix belng investi-
gated. Batching of the water and admixture, if used, should be
Gone immediately prior to mixing.

b. Mix the concrete in accordance with accepted
laboratory procedures (Test Method No. Calif., 530, Section C).

C. Measure the slump of the concrete immediately
after mixing in accordance with ASTM Designation: Cl43. When
removing material from the mixer, use care to obtain a

* r representative sample.

- Note: Lab test mixes are usually not of sufficient volume to
permit determination of ball penetration.

A-T7
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d. “Measure the unit welght and calculate the cement
factor in accordance with Test Method No. Calif. 518.

I m i ————

e. Return the material used for slump and unit weight
tests to the mixing pan and remix for 1 minute.
" f. Proceed as described in Part I, D, of this
test method.

C. Dstermination of a Calibration Curve

1.  The calibration curve, for a particular mix design,
establlshes the relationship between the amount of hydrochlorlc
acid used and the cement content.

f} Using the graph provided on Form HMR T-597, plot the
average grams of acid used versus cement content as determined
by Test Method No. Calif. 518. Draw a straight line from the
origin of the chart to the plotted point.

3a To determlne the cement content of a field sample,
follow the procedure as described in Part I, D. Mark the
average amount of acid used to titrate the sample on the ordinate
‘of thé=chart, move horizontally until crossing the calibration
curve, then veftically down and read the cement content on the
abscissa,

4L In the event of any change in source of aggregate,
cement, or working solution of acid, a new calibration curve
must be established. . Ordinarily, a new calibration curve
should be established each day. On long projects, with no
changes taking place, every other day should be sufficient.

5. Each operator must establish his own calibration curve.
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PART IIT. DETERMINATION OF RELATIVE VARIATION OF CEMENT CONTENT
WITHIN A BATCH,

Ji Test Procedure
1. Obtain samples as describe in Part II, B, 1, of this
test method except that the scale weights are not necessary and

the normal mixing time shall be used,

2. Perform the test procedure described in Part I,
utilizing two specimens of mortar from each screened sample.

3. Record results on Form HMR T-597.
B, Calculations

oo, Determine the average number of grams of acid required
to neutralize all specimens.

Note: If several batches are tested, the average should include
all tests.

2. Plot on the graph, the average number of grams of
acid versus the design cement content of the bateh.

3. Draw a line from the origin through the plotted point.

b, Plot the average grams of acld of each pair of duplicate -
specimens along the 1lndicated line.

5. Read on the absclssa of graph, the indicated cement

- content for each sample to determine range (see Figure B).
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